m 


AD-A234  678 


R^POffr  DOCUMENTATION  PAGE 

l  1b.  RESTRICTIVE  MARKINGS 


2a.  SECURITY  CLASa..  . 


2b.  DECLASSIFICATION /DOWNGRADING  SCHEDULE 

4.  PERFORMING  ORGANIZATION  REPORT  NUMBERS) 

NMRI  91-18 

6a.  NAME  OF  PERFORMING  ORGANIZATION 
Naval  Medical  Research 

6b.  OFFICE  SYMBOL 
(If  applicable) 

Institute 

6c  ADDRESS  (Grty.  State,  and  ZIP  Code) 

8901  Wisconsin  Avenue 

Bethesda,  MD  20889*5055 

8a.  NAME  OF  FUNDING /SPONSORING 
organization  Naval  Medical 

8b.  OFFICE  SYMBOL 
(If  applicable) 

Research  6  Development  Comman 

3  .  DISTRIBUTION/ AVAILABILITY  OF  REPWT 

Approved  for  public  release; 
distribution  is  unlimited 


5.  MONITORING  ORGANIZATION  REPORT MUMBER(S) 


Naval  Medical  Command 


7b.  ADDRESS  (City,  State,  and  ZIP  Code) 
Department  of  the  Navg 
Washington,  DC  20372*5120 


8c  AOORESS  (City.  State,  and  ZIP  Code)  10.  SOURCE  OF  FUNDING  NUMBERS 

8901  Wisconsin  Avenue  program  project  [task 

Bethesda  MD  20889*5044  ELEMENT  NO.  NO.  NO. 

oecnesaa,  nu  tvov?  5H02A  3M161102BS13  AK111 

32770A  3M1 62787A870  AN121 


111.  TITLE  (include  Security  Classification) 

I  Inability  of  malaria  vaccine  to  induce  antibodies  to  a  protective  epitope  within  its  sequence 


12.  PERSONAL  AUTHOR(S)  Charoegvit  Y,  Collins  WE,  Jones  TR,  Millet  P,  Yuan  L,  Campbell  GH,  Beaudoin  RL, 
Broderson  JR,  Hoffman  SL 


13a.  TYPE  OF  REPORT  1 13b.  TIME  COVERED  14.  DATE  OF  REPORT  (fear.  Month.  Day)  PS.  PAGE  COUNT 

1  FROM _ TO _  1991 


■  w  ua  ip  1  wh 


16.  SUPPLEMENTARY  NOTATION  Reprinted  from:  Science  1991  February  8,  Vol .  251  PP.  668-671 


COSATI  CODES 


GROUP  I  SUB-GROUP 


18.  SUBJECT  TERMS  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 
malaria  vaccine,  subunit  vaccines,  Plasmodium  vivax,  immunoglobulin  G3, 
circumsporozoite  protein,  epitopes,  monoclonal  antibody,  sporozoite, 
Saimiri  monkeys,  synthetic  peptide 


19.  ABSTRACT  ( Continue  on  reverse  if  necessary  and  identify  by  block  number) 


1  j  iiw  * 


(V\  w 


20.  DISTRIBUTION  /AVAILABILITY  OF  ABSTRACT  21.  ABSTRACT  SECURITY  CLASSIFICATION 

OUNCLASSIFIEDAJNUMITED  □  SAME  AS  RPT  □  OTIC  USERS _ Unclassified  _ _ 

22a.  NAME  OF  RESPONSIBLE  INDIVIDUAL  22b.  TELEPHONE  (Include  Area  Code)  122c.  OFFICE  SYMBOL 

Phyllis  Blum/.  Librarian.  (301)  295-2188 _ MRL/NMRI _ 


OO  FORM  1473,84  MAR  83  APR  edition  may  be  used  until  exhausted.  SECURITY  CLASSIFICATION  OF  THIS  PAGE 

All  other  editions  are  obsolete.  UNCLASS  I  FI  ED 


it  120  and  90  kD,  respectively  fFig.  3Bi  ( 12). 
This  result  indicated  that  both  moats  are  ex¬ 
pressed  as  products  on  the  cell  surface  that 
encode  the  binding  site  for  HBGF.  Because  the 
sizes  of  the  extracellular  structures  predicted 
from  the  aa  sequence  arc  44  and  34  kD. 
respectively,  the  two  structures  may  contain  60 
and  40  kD  of  carbohydrate.  In  contrast  to 
constructions  coding  for  the  a  and  (3  extracel¬ 
lular  moats,  the  comparable  y  mouf  construc- 
aon  caused  no  increase  in  transfected  cell  sur¬ 
face  HBGF  binding  that  could  be  detected  bv 
either  Scatchard  analysis  or  ligand  affinity  cross- 
linking.  Stability,  activity,  and  cellular  locanon 
of  y  translation  products  is  under  invesnganon. 

To  determine  HBGF  binding  activity  of 
full-length  receptor  isoforms,  in  COS  cells 
we  expressed  constructs  that  contained  a  or 
3  extracellular  domains  fused  to  each  of  the 
two  intracellular  domain  motifs  (Fig.  3,  C 
and  D).  Expression  of  full-length  constructs 
caused  a  5-  to  15-fold  increase  in  specific 
HBGF-1  (Fig.  3A)  and  HBGF-2  binding 
sites  per  cell,  with  an  apparent  Kj  of  100  to 
500  pM  (11).  Constructs  coding  for  the  a 
motif  yielded  ['’HlHBGF-l-labeled 
expression  products  that  were  about  30  kD 
larger  than  constructs  coding  for  the  p  mo¬ 
tif.  Finally,  constructs  coding  for  the  b2 
intracellular  domain  exhibited  ( l-',[]HBGF- 
labeled  expression  products  that  were  about 
20  kD  smaller  than  constructs  coding  for  the 
al  intracellular  domain  <  14). 

The  three  distinct  structural  domains  that 
combine  to  form  HBGF  receptor  isoforms 
are  likelv  to  afreet  ligand  binding,  oligomer¬ 
ization.  cellular  location,  metabolism,  and 
signal  transduction  t  1 ;  ■ .  The  a  and  B  extra¬ 
cellular  motifs  appear  to  difrerentiallv  oligo¬ 
merize  1 12).  and  ligand  binding  mav  be 
affected  bv  the  intracellular  domain  motif 
with  which  it  is  combined  i  Fig.  3,  C  and  Di 
i  12.  12).  The  cDNA  that  encodes  the  y 
motif  mav  result  in  an  intracellular  form  of 
the  receptor.  The  a-  and  b-tvpe  luxtamem- 
brane  motifs  contain  different  candidate 
phosphorylation  sites  for  a  Ser-Thr  protein 
kinase.  laxtamembrane  phosphorylation 
sites  have  been  implicated  in  alteration  of 
ligand  affinity,  kinase  activity,  and  internal¬ 
ization  i  down-regulation  i  of  tyrosine  kinase 
receptors  <  12.  P>).  The  two  (  OOH-termi- 
nal  motifs  mav  differ  in  tvrosinc  kinase 
activity,  in  interaction  with  intracellular  sub¬ 
strates.  and  as  substrates  for  tvrosine  kinases 
in  the  COOH-terminus  i  12 1. 


REFERENCES  AND  NOTES 

l  VV  H  Burifc.vs  jnd  I  Macue.  A->ri  tin’ 

58.  5  "5  i  l'W' 

’  T  I.  Lvc.  D  E  Johnson.  I.  S  (.  omens,  V  A 
Fried.  I  T  Willinm.  w..r  245.  5"  .  !1>S^ 

^  M  Ruta  it  il  .  /V,v  \  ul  T.jii  >o  l '  S  A  86. 
S~22  . 1989) 

4  M  Kan  if  .i/  ,  t  /!..•/  I.hnn  263  11306  <I988> 
668 


5  M  kan  <f  j /,  fri’i  \>m  AtjJ  So  1'  S  A  86. 

"432 i  1989i 

6  M  Ruca  it  :l  ,  3.  9  1988 1 

The  18  .  1  1-,  and  0  6-kb  clones,  identified  bv 
hybridization  with  an  oligonucleotide  (01 1  in  the  5' 
sequence  of  a  l  and  a2  cDNAs  Fig  IB).  overlapped 
al  and  b2  cDNAs  bv  1"8,  53.  and  96  nucleotides, 
respectively  The  l  8-kb  cDNA.  when  ligated  to  al 
or  b2.  represents  a  near  ruli-Icngih  4.2-kb  mRNA 
that  encoded  a  threc-IgC-like  loop  extracellular 
domain  ia)  (Fig.  1).  The  1  1  and  0  6-kb  cDN.As 
exhibited  a  deletion  ot  26"  bp  that  encoded  the 
89-residue  outermost  IgG-ltkc  loop  (Fig.  1).  The 
306- bp  preceding  the  common  translational  initia¬ 
tion  site  and  secretary  signal  sequence  in  the  l  l 
and  l  8  kb  cDNAs  were  identical.  The  remaining  3 
noncoding  sequences  were  unique. 

8.  R  k.  Saikj  et  j / ,  Siiftuf  230.  1350  1 1985). 

9  The  Pla  pnmer  sequence  is  indicated  in  Fig.  IB.  Tnc 
sequence  ot  other  primers  was  as  follows:  P2b.  GCT 
T GCCCAG ATCTCCAG;  P2c.  CCTGCTCTGCrC- 
GAGAGGAAC;  01,  GACCTTGTAGCCTCC;  P2d. 
CCCATTCACCTCGATGTGCTT .  T3a.  TTGCCG- 
GGTAACTCTATCGGACTC.  Tib  GTTACCCGC- 
CAAGCACGTATAC:  P6.  TATATGAATTCCTG- 
C AC AGC C AT CT GGCT GTGG AA ,  P3b.  AGCAGA- 
CACTGTTAC;  P5b,  CGGCCATCACGGCTCTCC 
TCCAGTGGCG;  P2x  GGGCCTCCGGGCCTGCA 
GCTACTCCG.  P5c  GAGCCITC\GGTTCCACA. 
and  P5i  CGAAAGACCACACATCA. 

10.  G.  G.  Wong  ei  j  / ,  Site  me  228.  810  1 1985). 

1 1.  Cells  transfected  w  ith  the  extracellular  domain  con¬ 
structions  exhibited  a  higher  number  of  binding 
sites  per  cell  wirh  higher  apparent  kd  (lower  affinitv) 
than  cells  transfected  with  full-length  constructions. 
Otherwise,  no  consistent  difference  in  apparent  KA 
for  HBGF  binding  has  been  demonstrated  among 
receptor  isotorms  bv  Scatchard  analysis.  Uncrans- 
recced  COS  cells  displaced  about  4000  sites  per  cell 
with  apparent  kj  of  100  pM  Since  COS  ceils 


express  uncharaacnzed  receptor  isomrm.  the  jp- 
parent  kd  is  likelv  a  composite  or  host  cel)  and 
transfected  receptor  species 

12.  .Although  cross-linking  artifact  cannot  N’  *hnunar 
ed,  higher  molecular  size  speues  or  Ugand-recepror 
complexes  mav  indicate  self  oligomerization  or  act: 
vation  and  association  of  transfected  products  wirh 
host  cell  receptor  species  Oligomeric  bands  are 
more  apparent  in  cells  transfected  w  ith  3  ^instructs, 
independent  of  COOH-terminus  i  F:g  3  I  Hou  r 
j l .  unpublished  data). 

13  Constructions  that  axled  for  the  al  intracciluljr 
domain  exhibited  more  intensely  HBGF  labeled 
species  than  the  b2  motifs,  as  evtdent  m  Fig  3.  (' 
and  D.  Separate  cspenmmts  with  bl  and  a2  con 
strucuons  in  permanently  rranstected  cells  indicated 
that  the  reduced  ligand-bindme  is  due  predominate 
Iv  to  the  b  [uxramenibrinc  motif  and  to  a  lesser 
extent,  the  type  2  COOH-tcrmi nal  mom.  indepen¬ 
dent  ot‘  extracellular  domain  ij  Hou  et  at  .  in 
preparation!. 

14.  L’ntransfccrcd  COS  cells  exhibited  a  single  HBGF 
labeled  band  at  150  kD.  HcpG2  cells  displayed 
labeled  bands  of  120.  150.  and  280  kD.  the  most 
intense  of  w  hich  w  as  120  kD 

15.  A.  Ullrich  and  I  I  SchJcssingcr,  (.Y/7  61.  203 
(1990). 

16.  H.  Hoshi  ei  j t  .  FAShBJ  2.  2"9"  f  1988- 

l".  We  thank  E.  Mansion.  S  Hams,  and  $  Goodrich 
for  advice  and  synthesis  of  oligonucleotides.  M 
Muecklcr  for  the  HepG2  Agrl  1  phage  library.  E.  Sht 
for  assistance  in  i  i:5I]HBGF  labeling,  I  Huang  and 
F  Wang  for  assistance  in  analysis  of  cDNA  clones, 
and  D.  Fast  and  M  kan  for  assistance  in  culture  oi 
HcpG2  cells.  Supported  bv  grants  from  the  U  S 
National  Institutes  or  Digestive  and  kidnev  Diseases 
and  the  National  Cancer  Institute. 


25  Julv  1990:  accepted  "  November  1990 


Inability  of  Malaria  Vaccine  to  Induce  Antibodies  to  a 
Protective  Epitope  Within  Its  Sequence 

Vcpin  Charoenvtt.  William  E.  Collins,  Trevor  R  Jones. 

Pascal  Millet.  Leo  Yuan.  Gary  H.  Campbell. 

Richard  L.  Beaudoin.  J.  Roger  Broderson.  Stephen  I.  Hoffman* 


Saimiri  monkeys  immunized  with  a  recombinant  protein  containing  20  copies  ot  the 
nine  amino  acid  repeat  ot'  the  Plasmodium  vivax  circumsporozoite  (CS)  protein 
developed  high  concentrations  ot  antibodies  to  the  repeat  sequence  and  to  sporozoites, 
but  were  not  protected  against  challenge.  After  intravenous  injection  of  an  immuno¬ 
globulin  G3  monoclonal  antibodv  (NVS3)  against  irradiated  P.  vivax  sporozoites, 
four  of  six  monkeys  were  protected  against  sporozoite-induced  malaria,  and  the 
remaining  two  animals  took  significantly  longer  to  become  parasitemic.  Epitope 
mapping  demonstrated  that  NVS3  recognizes  only  four  (AGDR)  of  the  nine  ammo 
acids  within  the  repeat  region  of  the  P.  vivax  CS  protein.  The  monkevs  immunized 
w-ith  (DRApGQPAG);o  did  not  produce  antibodies  to  the  protective  epitope  AGDR. 
Thus,  determination  of  the  fine  specificity  of  protective  immune  responses  mav  be 
critical  to  the  construction  of  successful  subunit  vaccines. 


During  recent  years  there  has 
been  considerable  efr'ort  to  produce 
vaccines  designed  to  induce  protec¬ 
tive  antiNxIies  against  repetitive  sequences 
on  the  CS  protein  ot  Plasmodium.  which 
causes  human  malaria.  These  efforts  have 
been,  in  large  part,  based  on  the  observation 
that  passive  transfer  of  monoclonal  antibod¬ 
ies  against  the  CS  protein  or  rodent  parasites 
Plasmodium  hvrfhri  (/.  and  P  vvt’/n  i  .6 
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protects  against  challenge  with  sporozoites 
Incubation  of  P  ’auiparum  or  P  :  wax 
sporozoites  with  Fab  fragments  ofmonocio- 
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nal  antibodies  to  their  respective  CS  pro¬ 
teins  reduced  the  subsequent  infecrivity  of 
the  sporozoites  to  chimpanzees  (4).  Howev¬ 
er,  it  has  never  been  definitively  established 
in  man  that  circulating  antibodies  to  the 
sporozoites  of  Plasmodium  can  prevent  infec¬ 
tion. 

The  levels  of  protection  have  been  disap¬ 
pointing  in  humans  immunized  with  P. 
falciparum  CS  protein  vaccines  (5,  6)  and  in 
Saimiri  monkeys  immunized  with  two  sub¬ 
unit  P  I'ivax  vaccines  (7).  The  unprotected 
Saimiri  monkeys  all  developed  high  concen¬ 
trations  of  antibodies  to  the  CS  protein, 
raising  the  question  of  whether  the  lack  of 
protection  was  because  the  vaccine- induced 
antibodies  were  directed  against  the  wrong 
epitopes  or  because  humoral  immunity  is 
insufficient  to  neutralize  P.  vivax  sporozoi¬ 
tes.  The  current  studies  were  undertaken  to 
determine  if  circulating  antibodies  to  the  P. 
iivax  CS  protein  could  protea  Saimiri  mon- 
kevs  against  sporozoite-induced  malaria, 
and  to  define  the  target  epitope  of  any  such 
proteaivc  immunity. 

Six  monkevs  (Saimiri  sciureus  bo/iriaisisl 

1  X  i  were  each  inoculated  intravenouslv  with 

2  mg  of'NVS3.  an  IgG3  isorvpe  monoclonal 
antibodv  to  P  vwax  sporozoites  i  u).  1  hour 
before  receiving  an  intravenous  1  O'*  P  vwax 
sporozoite  challenge  ( 10).  An  additional  six 
control  monkevs  received  2  mg  of  a  mono¬ 
clonal  antibodv  directed  against  P rypano- 
H’tna  brum  rlioihsnnse  ( anti-trvpanosoma  an¬ 
tibodv)  before  sporozoite  challenge.  Four  of 
the  six  monkevs  inoculated  with  NYS3  were 
fullv  protected  against  blood  stage  disease; 
the  remaining  two  developed  patent  para- 
Mtennas  after  31  and  40  davs  (Table  1 1.  The 
two  unprotected  monkeys  that  received 
NYS3  had  longer  preparency  periods  than 
the  monkevs  receiving  the  anti-trvpanoso- 
mal  antibodv  ./’<  (). 01)  and  longer  than 
nine  uninjected  controls  i  P<  0.005 1.  To 
determine  the  exact  epitope  of  XV  S3,  we 
used  an  epitope-scanning  technique  i  il  \  to 
- vntnesizc  13_  octapeptides  based  on  the 
nonapeptide  repeat  sequences  of  the  follow  ¬ 
ing  tour  strains  of  P  rn  ax:  Belem  1  12..  Sal 
!  '.Vo.  North  Korean  i/4i.  and  YS  210 

Bv  enzxme- linked  immunosorbent  as- 
•  ,n  (FLISAi.  N\‘S3  reacted  onlv  with  the 
tetratx'ptide  AGDR  i  aianine-uivcine-aspar- 
tic  acid-anzmine i  ‘Fig.  I  >.  Octapeptides 
contamini!  subsets  of  AGDR  >AGD  and 
GDRi  were  not  reactive.  No  correlation 
icrween  re.iaivirv  and  the  location  of  the 
tetraix-ptide  w  ithm  the  octapepnde  was  not¬ 
ed  Fig.  2:.  Ue  then  sxnthesized  the  ciufit- 
residue  pepticie  iAIiDRo  ■  ';>•  Animmuno- 
'Im'rescent  antibodv  technidtie  IFAT 
showed  that  NYS3  binds  to  I'  :  :ia\  sporo¬ 
zoites  but  not  to  l‘  .  eon  sporozoites]  and 
that  this  binding  could  be  speuhcalh 


Annbody-oaapepnde  reactivity  of  peptides  containing  1 

the  entire  AGDR  sequence  (AGDR*)  (»  =  50)  and  those  with  -  o 

part  or  none  (AGDR")  (n  =  87)  is  plotted  against  percent  of  ■£  200 
the  optical  density  of  the  positive  control.  The  n  values  are  the  g 
total  number  of  octapeptides  containing  AGDR  (n  =  50)  and  ♦ 
not  containing  AGDR  (n  =  87).  The  positive  control  opneal  § 
density  was  obtained  with  a  monoclonal  antibody  to  PLAQ.  c  100 
These  data  were  developed  by  designing  a  hvpothctical  peptide  8 
containing  the  repeat  regions  of  the  CS  proteins  of  four  strains  5 
of  P.  vwax.  The  sequence  of  the  pepnde  is  as 
follows:  GDRADGQPAGDRADGQPAGDRA-  0 
DGQAAGNGAGGQPAGDRAAGQPAGDGA-  AGDR(.)  AGDR(-) 

AGQPAGDRADGQPAGDR AAGQPAGDRA- 

DGQPAGDRADGQAAGNGAGGQAAGNGAGGQPAGDRAAGQPAGDRAAGQPAGDRAAG- 
QAAGNGAGGQAA.  We  synthesized  137  sequential  oaapeptide  subsets  of  this  144-amino  acid 
peptide.  The  octapeptides  were  synthesized  as  per  Gevscn  ( 1 1 )  on  the  tips  of  polvpropvlene  pins  set  in 
96-pin  blocks  (Cambridge  Research  Biochemicals,  Valiev  Stream,  New  York).  Oaapeptide  n  =  amino 
acid  n  through  amino  acid  «  +  7.  The  syntheses  were  earned  out  in  96-wcll  plates,  thereby  allowing 
each  pin  to  hold  a  different  ammo  acid  sequence.  Conventional  Fmoc  (fiuorenvl  mcthoxvcarbonvl  i 
solid-phase  methods  were  used  to  complete  the  syntheses.  The  tetrapepndes  PLAQ  (and  monoclonal 
antibody  to  it)  and  GLAQ  were  used  as  posinve  and  neganve  controls  in  each  set  of  96  pins.  The  ability 
of  the  monoclonal  annbody  NVS3  to  bind  to  the  pepndcs  was  tested  in  an  ELISA.  Each  pin  was 
incubated  overnight  at  4°C  in  XVS3  1 2  pg  of  antibodv  per  milliliter).  After  washing,  the  pins  were 
incubated  for  1  hour  at  37”C  in  goat  antibodv  to  mouse  IgG  i  Kirkegaard  and  Perrv,  Gaithersburg, 
Maryland)  at  a  dilution  of  1:2000.  Optical  densities  were  measured  after  the  pins  were  incubated  in 
substrate  (ABTS  (2,2'-azino-di-[3-cthyl-bcnzthiazoline  sulfonate)  and  hvdrogcn  peroxide]  for  30  min. 


blocked  bv  preincubating  a  solution  1 5  pg/ 
ml)  of  NVS3  with  an  equal  concentration  of 
the  P.  rii'iix  oaapeptide  (AGDRN.  At¬ 
tempts  to  block  NVS3-sporozoite  binding 
with  the  P.  yocln  peptide  (QGPGAP);. 
failed  even  w ith  concentrations  as  high  as  2 
mg  ml  (ID. 

Sera  from  the  monkeys  that  had  been 
passively  immunized  with  XYS3  had  high 
concentrations  of  antibodies  to  sporozoites 
and  (AGDR) ,  (Table  1 1.  Sera  taken  from 
monkevs  vaccinated  with  NS1X1Y20  had 
similar  IFAT  titers  (range  1:2.560  to 
1:10.240).  These  monkeys  were  not.  how¬ 
ever.  protected  on  sporozoite  challenge  <  " 
In  an  ELISA,  these  sera  (  1 : 100  and  1:500 
rinai  concentrations  i  reacted  w  ith  a  \  east- 
produced  recombinant  protein  YIVAX-1 
r  /.Vi,  w  hich  included  the  same  P  i  n  ax 
sequence  as  NS1,;Y20  iDEAnGQI'idJ1, 
but  these  sera  from  actively  immunized 
monkevs  did  not  react  with  (AGDR  w  ;  ?  v. 
When  these  sera  were  incubated  with  in¬ 
creasing  amounts  of  \T\'AX-I.  ail  anti- 
YIYAX-1  activm  was  removed  in  a  concen¬ 
tration-dependent  manner;  incubation  with 
AGDRi,  removed  no  activity  Fig  3  . 
Serum  samples  from  these  same  monkevs 
acre  diluted  (1:1  o()  to  1 : 040  depending  < >n 
individual  reactivity  to  sporozoites i  and  in¬ 
cubated  with  Y1YAX-1  or  i  AGDRi,.  In 
IFAT.  YIYAX-l  concentrations  benveen  1 
and  8  pg  ml  eliminated  all  anti- sporozoite 
aaivirv  but  incubation  w  ith  as  much  as  2  5 
mg  ml  of  (AGDR  w  removed  no  activirv. 

There  has  been  considerable  interest  in 
determining  if  the  capacity  ot  sera  to  inhibit 
sporozoite  invasion  ot  and  development  in 
hcpaiocvtes  correlates  with  protection  Sera 
irom  the  six  monkevs  vaccinated  with 
NS1m\  20  i"  and  trom  the  six  passively 


immunized  with  N\’S3  were  tested  to  de¬ 
termine  tneir  ability  to  inhibit  sporozoite 
invasion  ot  and  development  in  Saimtn  he- 
g at ixv res  m  vttro  1  /m.  Percent  inhibition 
was  96.3  -  2.43  imean  -  SEM)  (range.  85 
to  il)0°oi  m  the  animals  immunized  with 
Nsls|Y2()  and  98  1  ~  *  0  60  .range  96  to 
i )()'*»  i  in  the  animals  passively  immunized 
with  NYS3.  These  data  indicate  that,  when 
pertormed  in  this  manner,  sporozoite  in\  a- 
1011  and  development  data  do  not  correlate 
.  ith  protection. 

)Vc  studied  the  tine  specificity  ot  the 
protective  montxlonai  antibodv  N\  S3  be¬ 
cause  we  thought  that  fully  characterizing 
the  epitope  might  explain  whv  polvclonai 
antibodies  induced  bv  the  recombinant  pro- 
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rein  did  not  provide  protection  t'rom  sporo¬ 
zoite  challenge,  whereas  apparently  equiva¬ 
lent  amounts  of  passively  transferred  N'\'S3 
did  protect.  The  protective  monoclonal  an¬ 
tibody  recognized  onlv  tour  (AGDR)  of  the 
nine  (DRAj^GQPAGl  amino  acids  compris¬ 
ing  the  P.  i'ii'jx  repeat  region.  These  nine 
amino  acids  arc  the  only  ones  from  the  CS 
protein  included  in  the  vaccine.  A  synthetic 
peptide  made  of  only  two  copies  of  AGDR 
completely  inhibited  binding  of  NVS3  to 
sporozoites  and  to  a  recombinant  protein 
(VIVAX-1),  which  contains  a  P.  m>j.v  pep¬ 
tide  repeat  from  the  Belem  strain.  In  con¬ 
trast,  sera  from  monkeys  that  had  been 
immunized  with  NSlslV20  contained  high 
concentrations  of  antibodies  to  sporozoites 
bv  IFAT,  and  the  repeat  region  by  ELISA, 
but  had  no  activity  directed  against  the 
protective  epitope  AGDR,  as  demonstrated 
bv  direct  ELISA  and  inhibition  studies.  It  is, 
of  course,  possible  that  antibodies  to  other 
epitopes  within  the  nine  amino  acid  P.  vivax 
repeat  region  can  protect  against  sporozoite- 
induced  malaria.  However,  the  fact  that  the 
vaccine  did  not  induce  antibodies  to  the 
onlv  known  protective  epitope  on  the  P 
vivax  CS  protein  provides  an  explanation 
for  the  lack  of  protection. 

The  monoclonal  antibody  NYS3  was  pro¬ 


duced  in  BALBc  mice;  these  mice  can  pro¬ 
duce  antibodies  to  AGDR  To  further  char¬ 
acterize  the  response  to  N’Slsl V20,  we 
immunized  groups  of  four  BALB/c  mice 
with  rwo  doses  of  200  fig  of  NSlHtV20  or 
200  ng  of  a  synthetic  peptide,  (AGDR)ft, 
conjugated  to  keyhole  limpet  hemoevanm 
( KLH)  in  complete  Freund's  adjuvant.  Two 
weeks  after  the  second  dose,  the  animals 
immunized  with  (AGDR)„-KLH  had  excel¬ 
lent  antibody  responses  to  (AGDRift 
[1.20  ±  0.028,  mean  s  SD  optical  density 
(OD)  of  triplicate  wells  in  ELISA  at  1 ;  1600 
dilution],  but  a  poor  response  to  NSlslV20 
(0.29  ±  0.010).  In  contrast,  mice  immu¬ 
nized  with  NS1S|Y20  had  poor  responses 
to  (AGDR)h  (0.19  ±  0  001 1  and  excellent 
responses  to  NS181V20  ( 1.24  ±  0.036). 
NS1„|V20  produces  poor  antibody  re¬ 
sponses  to  AGDR  in  mice  and  monkevs. 

These  data  demonstrate  that  it  is  inappro¬ 
priate  to  assume  that  immunization  with  a 
small  protein  such  as  NSlslV20.  which 
includes  a  repeating  sequence  of  nine  amino 
acids,  will  produce  antibodies  against  a  sin¬ 
gle  desired  epitope  such  as  AGDR.  Subse¬ 
quent  vaccine  development  will  undoubted¬ 
ly  require  more  information  regarding  the 
identification  of  epitopes  recognized  bv  pro¬ 
tective  antibodies  and  the  construction  of 


Table  1.  Prcpatcnr  periods  and  N’VS3  scrum  concentrations  in  monkevs  that  received  2  me  ot 
monoclonal  antihodv  1  hour  before  intravenous  challenge  with  10*  P  :  Salvador  I  strain, 

sporozoites  We  measured  antibodv  concentrations  in  IFAT  with  /’  cir.i.v  sporozoites  is  antigen 
and  in  ELISA  using  i.AGDR  .  is  the  target  antigen  IFAT  titers  shown  are  tnc  reciprocals  of  the 
list  positive  dilution  Sera  samples  I  100  dilutions i  were  incubated  in  •  AGDR' : -coated  wells  The 
secondary  antibodv  was  horseradish  peroxidase-labeled  goat  antibodv  to  mouse  lgG.  Optical  density 
values  for  the  serum  samples  were  compared  with  standard  values  ontaincu  bv  mcivuring  me 
reactivity  to  iAGDR  ot  known  concentrations  of  NYS3  diluted  in  couivalcnr  concentrations  of 
'Jimtri  monkev  serum  Serum  samples  taken  trom  each  animal  immediately  before  NYS3  miection 
were  all  negative  for  anti -sporozoite  activity  in  IFAT  at  a  dilution  of  1.10  and  below  the  sensitivity 
of  the  iAGDRu  ELISA.  P.  protected  in  sporozoite  challenge;  NI.  not  infected;  NT.  not  tested; 
Nee.  below  IEAT  and  ELISA  sensitivity;  Trv.  antitrypanosomal  antibodv;  *  animals 
-pleneetomized  on  dav  o  after  challenge,  all  others  on  dav  7. 
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Fig.  3.  Serum  from  six  monkevs  immunized  with 
NS1h,Y20  given  with  aluminum  hvdroxide  as  the 
adjuvant  were  tested  in  ELISA  for  activity  to 
VIVAX- 1 .  Secondary  antibodv  was  goat  anybody 
to  human  It,G  Portions  of  each  serum  sample 
i  1:250.  final  concentration)  were  incubated  with 
varying  concentrations  of  (AGDR),  (•'  or 
VIVAX-1  (■)  to  determine  if  activity  to  the 
repeat  region  of  the  CS  protein  can  be  blocked 
Einai  peptide  concentrations  are  depicted  along 
the  x -itis. 


vaccines  that  exclude  extraneous  amino 
acids.  Our  data  indicate  that  an  appropriate 
minimal  epitope  of  the  P  ruuv  CS  protein 
has  been  identified.  The  next  challenge  is  to 
construct  an  immunogen  that  produces  an 
nbodies  of  the  desired  specificity  and  to 
develop  an  immunization  regimen  that  con¬ 
sistently  produces  high  levels  of  these  anti¬ 
bodies.  Questions  surrounding  immunogen 
design  remain  unanswered  but  the  problem 
of  anti bodv  concentration  mav  be  solved.  In 
recenr  studies,  humans  immunized  w  ith  a  P 
ip.irum  CS  protein  vaccine  administered 
with  monophosphorvl  lipid  A  MPl.  and 
cell  wall  skeleton  of  a  mycobacterium  species 
as  adiuvant  or  in  liposomes  with  MPL  pro¬ 
duced  concentrations  of  specific  antibodies 
greater  than  those  found  in  the  sera  of 
monkevs  io  ro  18  ugmii  that  received 
NVS3  in  passive  transfer  i  Table  1  i_’ih. 
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S  Sjttnrn  (tinrmi  monkevs  of  Bolivian  origin 

were  used  in  the  passive  transfer  studv  after  being 
Quarantined  tor  a  l  month  conditioning  period 
M<>nkc\s  were  weighed,  tested  tor  tuberculosis.  and 
examined  tor  concurrent  parasitic  infections  ot  the 
intestine  and  blotxi 

v)  Female.  6  ro  8 -week -old  RAI.R  c  Bvi  mice  '  I  attain 
Laboratory.  Bar  Harbor.  ME)  were  used  in  the 
production  ot  monoclonal  antibodies  as  previously 
described  IV  C  haroenvit.  M.  F  Lect.  L  F  Yuan. 
M  Sedeeah.  R  L.  Beaudoin.  Intrrt  Immutt  55.604 
ld8Tr’)|  f'hsmodium  nrj.t  sporrwnitcs  ot  the  Viet 
nam  lONCi-CIX A  and  North  Korean  iNK»  strains 
and  a  Colombian  isolate  were  used  as  immunogen 
Specie*  and  stage  specific i ties  were  determined  in  an 
IFAT  against  spnrwmto  and  blood  stage  parasites 
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from  P  vivax,  P  falciparum,  P.  berghet,  P  yoelu ,  and 
P  gallinaceum.  Reactivity  to  difeent  strains  of  P 
vivax  (North  Korean,  Salvador  1,  Colombian,  and 
Thai)  was  also  measured.  The  monoclonal  anti  bod  v 
selected  for  passive  transfer  was  designated  NVS3 
( Navy  Vivax  Sporozoite  3)  and  punhed  by  affinity- 
column  chromatography  with  staphylococcal  pro¬ 
tein  A  coupled  to  Sepharose  4B  [H.  Hjeim  and  J. 
Sjoquist,  in  Immunoadsorbants  tti  Protein  Purification. 
E.  Ruoslahn,  Ed.  (University  Pari  Press,  Baltimore. 
MD,  1976V  p.  51].  NVS3  was  selected  because  it  is 
species-  and  stage-specific  and  had  the  greatest  ac¬ 
tivity  in  the  IFAT  against  P  vivax  sporozoites 
10.  Sporozoites  of  the  Salvador  I  scram  were  reared  in 
Anopheles  stephenst  mosquitoes  by  membrane  feed¬ 
ing  the  mosquitoes  on  garnet ocvtermc  chimpanzee 
blood  [W.  F  Collins  H  M.  McClure,  R.  B 
Swenson,  P.  C.  MchaJcv,  J  C.  Skinner,  Am.  J 
Trop  Med  Hyg  35,  5o  <  1986\]  Sixteen  days  after 
feeding,  the  sporozoites  were  dissected  from  the 
salivarv  glands  of  the  infected  mosquitoes  for  use  in 
the  challenge  studies.  O.  basis  of  initial  expen - 
ments,  a  dose  of  2  mg  o’  V'S3  per  monkev  was 
selected  for  inieaion  intra  enouslv  into  six  Saimrri 
r  jonkevs.  An  IgG3  monoclonal  annbodv  direaed 
against  Trypanosoma  bmcei  rhodesteme  (T  HaJJ  and 
K  Esscr.  J  Immunol  132,  2059  / 1 984 » ]  was 
inoculated  into  another  six  monkeys  to  sene  as  an 
unrelated  annbodv  control  group  Nine  other  mon¬ 
keys  served  as  umnjectcd  controls.  One  hour  after 
annbodv  transfer.  104  P  vivax  sporozoites  in  nor¬ 
mal  saline  and  10%  normal  Sit’mtn  monkev  serum 
were  injected  into  ail  monkevs.  Scrum  samples  were 
collected  before  annbodv  inoculation  and  1  hour 
later  (immediately  before  sporozoite  challenge i.  .Ml 
animals  were  splcnectomizcd  6  to  7  davs  after 
'•porozoitc  mocuianon.  Beginning  14  davs  after 
sporozoite  mocuianon  and  continuing  through  dav 
56.  Giemsa- stained  thick  and  thin  bkxid  hlms  were 
prepared  dailv.  Parasitemias  were  quantified  and 
recorded  per  cubic  millimeter  of  blood 
!  1  H  M  Gcvscn  rt  j /  .  Proc  Sat!  A,  ad  S,i  f  *  A 
81.  3998  i  1^84);  H  M.  Gcvscn.  S  I.  Bartel ing.  R 
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15.  R  Rosenberg  vt  at  .  n.t'Jm  245.  9~3  1989 
16  The  eight- residue  peptide  ■  AGDR  :  was  svnrhe- 
'•.zed  bv  the  stepwise  solid* phase  method  R  B 
Mcmricld.  I  vn  <  .'mm  NA  85.  2149  1963d 
Pam-t-Boc-L -areminc  <Tosi  resin  0  5  nmol  wjs 
:scd  as  the  starting  point  of  the  synthesis  Hie 
protected  peptide  resin  was  dcprorccrcd  bv  hvdro- 
:cn  riuondc-r-crcsoi  <9  l.w  tor  i  hour  at  U( 

1"  NVS3  activity  was  measured  in  the  serum  ot  the 
monkevs  that  reccncd  intravenous  NVS3  before 
•poFozoircchailence  I woloid  venal  dilutions  ot  ^cra 
■'ere  used  in  an  irAT  wim  air  dried  P  .-tax 
poro/oircs  as  rnc  rarcet  antigen  fo  determine  if 
VYS3  reacts  with  epitopes  otner  than  AGDR  on 
poro/mres.  aliouots  ot  N\’S3  at  a  concentration  of 

2  5  ug  mi  were  incubated  with  s arsing  amounts  ot 

the  I*  ; ‘i-ja  peptide  AGDR  ;  or  rnc  unrelated 
peptide  CX'RGAP  a  pepnde  from  me  repeat 
■emon  of  /’  -  n  (  s  protein  fhc  antibods  peptide 

•Mixtures  were  men  incubated  witn  P  :  •: xporo 

.ues  anu  evaluated  hx  IFAT  to  measure  the  ahum 
•  r  AGDR'?  m  n»*k  the  binding  ot  NYS3  to 
';v»ro/oitcs 

VIVAX  1  is  a  res.ompm.int  protein  containing  ap 
.’rnximjtctv  60%  ot  the  entire  t.S  protein  from  the 
Bcicm  srrain  ot  P  ".-ax  It  vonrains  the  repeat 
'egions  l)RA  .hCiQTMi  P  1  Barr  .  ■ 
\r  M'd  165.  I  1  mi  .  I  us-  i  NMmV20 ‘.acerne  is 
fusion  protein  t mm  h  .nr'nnni  .or  rhat  contains  20 
tpics  of  the  nonapcptidc  repeat  present  in  fhc 
■  -pear  region  ot  the  (,S  r  ■»toin  and  Jil  ammo  a*.ids 
tensed  irorn  the  nonstnicmral  protein  gene  «•? 
.'ifiuenza  A  •  I)  M  Gordon  o  ,m  /  Jr  r  Mut 
42.  52“  jwo  1 

;u  s  .  mm  m<in^  j,vcr  ttagrucr.ts  were  diwK.atcd  bs 
.'•ilagenase  pcrtuMon  and  plated  :n  55  mm  pern 
:  mes  1  dual  ••  •-■unu-s  <•?  w-im  and  •  ;>»*.>// utr 


suspension  were  mixed  and  incubated  at  room  tem¬ 
perature  for  15  min  The  serum -sporozoite  mixtures 
were  exposed  to  the  hcpatocvtcs  for  2  hours  then 
washed.  Seven  days  after  exposure,  the  monolayers 
were  fixed  and  schizonts  counted  microscopically  [P. 
Millet  et  al..  Am  J.  Trop.  Med  Hy?  38.  340 
(1988)]. 

20.  L.  S.  Rickman  et  al ,  C/m.  Res  38.  352A  1 1990),  C. 
R.  Alving  et  al  .  in  preparation. 
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ously  donating  the  ano- trypanosoma  monoclonal 
antibody  used  as  a  negative  control  in  the  passive 


The  proto-oncogfne  <:-vos  is  f.x- 
pressed  at  htch  levels  in  the  germ 
Ltils  ot  vertebrates  i  /.  _\.  In  Aoi opus 
and  mouse  oocvtes.  the  vie.-encoued  pro¬ 
tein.  ppa9’"".  ;s  expressed  during  ivktic 
maturation  and  is  required  tor  maturation 
before  and  after  pemunai  vesicle  breakdow  n 
GYBDi  Imection  of  inns  RNA  into 

tullv  pnnvn  .\<ni'rn.<  inicxtes  can  induce 
!>)th  ti\  BD  and  marurarion  prom,  'tine  fac¬ 
tor  i.MI’Fi  id-,  which  is  composed  of  cxciin 
and  p34  ‘ "  m.  MPF  activation  is  correlated 
with  Ci\’BD.  chromosome  condensation, 
and  spindle  formation  A  second  ac- 

tivirv  present  in  mature  oocvtes.  cytostatic 
factor  A  SFi.  is  noudu  to  be  resi»nsible 
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tor  the  ar.cst  ot  unfertilized  eegs  at  meioric 
metaph.'sc  II  1 70’..  Thus.  C'.SF  micaed  into 
blastomeres  ot  cleaving  embrvos  arrests  ,eii 
vieavage  at  metapnase  ot  mitosis  .  r i-  7 . 
which  is  a  maior  control  point  of  the  ce.i 
cxcie  i  0  .  MPF  is  present  at  larec  concentra¬ 
tions  m  metapnase  11  oocvtes.  and  it  has 
been  proposed  that  t.SF  stabilizes  MPF 

'  14<.  Reccntiv.  pp.49 .  has  been 

shown  to  be  the  acme  component  in  t  SF 
id:.  It  is  possible  to  isolate  pp.W""  from 
cvtosoiic  extracts  bv  high-speed  centnfutta- 
rion  i  /d  i.  w  hich  suggests  that  it  is  present  in 
a  larec  complex.  In  addition,  the  large  size  ot 
the  mitotic  spindle  in  (.  SF- arrested  blas- 
tomcres  .  i .  and  the  abilitx-  ot  taxol— .1 
plant  diterpene  antincoplastis  agent  that 
binds  to  ,md  stabilizes  microtubules 
■'  — to  arrest  cleaxinti  embrvos  at  met  a 
phase  1 76i  suggested  to  us  that  pp.id 
might  be  associated  with  tubulin 
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The  mos  proto-oncogene  product,  pp39'"°',  is  a  protein  kinase  and  has  been  equated 
xvith  cytostatic  factor  (CSF),  an  actix-in-  in  unfertilized  eggs  that  is  thought  to  be 
responsible  for  the  arrest  of  meiosis  at  metaphase  II.  The  biochemical  properties  and 
potential  substrates  of  pp39'"°'  xvere  examined  in  unfertilized  eggs  and  in  transformed 
cells  in  order  to  srudv  how  the  protein  functions  both  as  CSF  and  in  transformation. 
The  pp39”,<’'  protein  associated  with  polymers  under  conditions  that  favor  tubulin 
oligomerization  and  was  present  in  an  approximately  500-kilodaJton  “core"  complex 
under  conditions  that  favor  depolymerization.  p-Tubulin  was  preferentially  correcip- 
itated  in  pp39m<”  immunoprccipitates  and  was  the  major  phosphorylated  product  in  a 
pp39m“’-dependent  immune  complex  kinase  assay.  Immunofluorescence  analysis  of 
NTH  3T3  cells  transformed  with  Xenopus  c-mos  showed  that  pp39m‘’'  colocalizcs  with 
tubulin  in  the  spindle  during  metaphase  and  in  the  midbody  and  asters  during 
telophase.  Disruption  of  microtubules  with  nocodazole  affected  tubulin  and  pp39m‘” 
organization  in  the  same  way.  It  therefore  appears  that  pp39'”‘”  is  a  tubulin-associated 
protein  kinase  and  may  thus  participate  m  the  modification  of  microtubules  and 
contribute  to  the  formation  of  the  spindle.  This  activitv  expressed  during  interphase  m 
somatic  cells  may  be  responsible  for  the  transforming  activity  of  pp39'"‘”. 
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